didomain genes were amplified from a codon optimized synthetic CurA ACP 3 gene, [3] and inserted into pET29a plasmid with the NdeI and XhoI restriction sites (a gift from Dr. Christopher
Walsh and Dr. Christopher Calderone at Harvard Medical School). The Ser>Ala ACP acitve-site mutations were prepared from the ACP I -ACP II -ACP III construct containing synthetic ACP 3 gene. [3] Single or double Ser>Ala mutations were generated with the following primers: ACP I (F) Protein expression and purification: CurA Hal, CurE ECH 1 , CurF ECH 2 and ER were prepared as previously described. [3, 4] The CurA ACP I -ACP II -ACP III -Cd, ACP I -ACP II -ACP III , mutants and truncations, CurF PCP, Cy-A-PCP and the PCP active site mutant of Cy-A-PCP were prepared as described below. E. coli BL21 (DE3) cells were transformed with the corresponding plasmids to overexpress His-tagged proteins. All the polypeptides containing ACP or PCP domains were expressed in the apo form. The PCP domain was also prepared in the holo form by coexpression with the Sfp. [5] Cells were grown at 30°C to an OD (590 nm) = 0.5-0.6, and then cooled to 15°C
prior to the addition of 1 mM isopropyl-β-D-galactopyranoside. The cultures were grown at 15°C
for another 18-20 h before harvesting. Protein purifications were performed at 4°C. E. coli cells The purity of the proteins was analyzed by SDS-PAGE and the protein concentrations were determined using the Bradford assay (Bio-Rad).
Size-exclusion chromatography: Analytical SEC was performed on an ÄKTA FPLC system equipped with Superdex 75 10/300 GL and Superdex 200 10/300 GL columns (GE Healthcare).
The columns were pre-equilibrated with a buffer E (50 mM Tris-HCl buffer, pH 7.5, 200 mM NaCl, 10% glycerol), and initially calibrated using a set of molecular weight standards (Sigma-Aldrich).
The samples were eluted at a flow rate of 0.5 mL/min at 4°C.
Cy-A-PCP adenylation and condensation/cyclization activity assay: To prepare the substrate for the Cy domain, (1R,2S)-2-methylcyclopropane carboxylic-CoA, synthesized by coupling the carboxylic acid to CoA-SH as previously described, [3, 4] was loaded onto (apo) ACP I -ACP II -ACP III -Cd by using the Sfp. [5] Typically, to achieved a full substrate loading onto ACPs, 500 lyophilized Cy-A-PCP was resuspended in 0.1 M KOH and heated at 60°C for 10 min. [6] The mixture was then neutralized by 0.1 M acetic acid and proteins were removed by using Amicon
Microcon centrifugal devices (10 kDa, Millipore). Finally, the product 1 was analyzed by LC-MS.
Comparison of the ACP 3 constructs, truncations and mutants in the one-pot reaction:
The ACP-linked HMG substrates were prepared by loading (S)-HMG-CoA onto the apo ACP I -ACP II -ACP III -Cd, ACP I -ACP II -ACP III , mutants and truncations similarly as previously described. [3, 4] Immediately before the one-pot reaction, the PCP-linked L-cysteine substrate was generated by incubating a mixture of 100 μM (apo) PCP, 4 μM Cy-A-PCP S3118A mutant, 2 μM Sfp, 5 μM ketoglutarate, and 0.5 mM NADPH) in 50 mM Tris-HCl buffer, pH 7.5. [3] The reaction was initiated by addition of the ACP-linked HMG substrates and exposed to air, and then incubated at room temperature for 10 min before being quenched by 10% formic acid. Next, similar to the Cy-A-PCP assay described above, the PCP was purified by reverse-phase HPLC and lyophilized, and the product was cleaved from the lyophilized PCP in 0.1 M KOH at 60°C for 10 min. To avoid oxidation of the thiazoline group, the hydrolysis of PCP-linked product and following steps were performed under anerobic conditions. Samples were stored at -80°C before analysis. The cleaved product 1 was subjected to the LC-MS quantification described below.
LC-MS analysis:
The LC-MS analysis was performed on a Surveyor HPLC system equipped with Finnigan ESI-LTQ or ESI-TSQ mass spectrometer (ThermoFisher Scientific). Samples were loaded onto an XBridge reverse-phase column (C18, 3.5 μm, 2.1x150 mm, Waters) and eluted with a gradient of 3-100% CH 3 ) and viscosity (1.2116 cp) were calculated using the buffer calculation module provided with the Ultrascan software suite.
Electron microscopy and image processing: For electron microscopy, samples were prepared using conventional negative staining protocols. [7] Briefly, 3 µL of sample was pipetted onto a glow-discharged carbon-coated grid and stained with 2% (w/v) uranyl formate. Imaging classes for each sample were performed in EMAN using refine2d.py. Figure S1 . Hybrid PKS pathways containing the HMG enzyme cassettes with tandem ACP
